It has recently been suggested that umbilical cord complications play an important role in perinätal mortality and morbidity [2, 5] and that cord complications result in a decreased fetal blood pH and an increased difference between umbilical artery and vein blood pH [12] . In one of these papers [2] no control group without cord complications was used; in the other paper only cases with innocuous cardiotocographic patterns (CTG) were included in the control group [12] . Although cord prolapse is a very dangerous Situation if delivery is not terminated at once [1] , this Situation only occurs in 0.43 per cent of all deliveries [4] and the effect of all other types of cord complications per se still remains to be investigated. As 152 patients in our department were monitored with continuous scalp tissue pH (tpH) during labour followed by determination of the oxygenation and acid base state of both umbilical artery and vein, and äs the position of the umbilical cord was noted in 142 of these patients, we have had the opportunity of investigating the effect of cord complications per se on all the above mentioned values and on the APGAR score.
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It has recently been suggested that umbilical cord complications play an important role in perinätal mortality and morbidity [2, 5] and that cord complications result in a decreased fetal blood pH and an increased difference between umbilical artery and vein blood pH [12] . In one of these papers [2] no control group without cord complications was used; in the other paper only cases with innocuous cardiotocographic patterns (CTG) were included in the control group [12] . Although cord prolapse is a very dangerous Situation if delivery is not terminated at once [1] , this Situation only occurs in 0.43 per cent of all deliveries [4] and the effect of all other types of cord complications per se still remains to be investigated. As 152 patients in our department were monitored with continuous scalp tissue pH (tpH) during labour followed by determination of the oxygenation and acid base state of both umbilical artery and vein, and äs the position of the umbilical cord was noted in 142 of these patients, we have had the opportunity of investigating the effect of cord complications per se on all the above mentioned values and on the APGAR score.
l Material and method
During labour 152 fetuses were continuously monitored with CTG and tpH. Tissue pH was measured by a glass electrode (RÖCHE®) and a pH meter (PHM73, RADIOMETER, Coperihagen) connected to a cardiograph (8 30 , HEWLETT-PACKARD) both registrating tpH and CTG [13] . Tissue pH was not known to the obstetrician in charge of the patient. At the delivery the position of the umbilical cord was noted in 142 of 152 fetuses (all vertex presentations). In case of an abnormal position of the umbilical cord it was described äs 1) beside the head, 2) around the neck, 3) around the trunk/shoulder(s), or 4) around one of the extremities. Furthermore, it was noted if there was more than one cord complication (e.g. around neck and trunk, twice around the neck), if the cord was tight or loose, if>the cord was short (less than 40 cm), and if there were any knots on the cord. All cases with cord complications were compared to cases with no such complications. The following values were tested for differences between the two groups: tpH at 5, 10, 15, 20, 25, 30, 60, 90, and 120 minutes before delivery (only in the cases in which a good quality pH recording was obtained [14] ); neonatal APGAR score one and five minutes after delivery (all cases); and pH, pCQ2, base excess, Standard bicoärbonate, pO 2 , and oxygen satüration of the ümbilical artery and vein (all cases except four in which a blood sample from the umbilical vessels could not be obtained). Furthermore, the few cases with tight cord loop(s), short cord, and a knot on the cord was described separ-0300-5577/81/0009-0015$02.00 ©by Walter de Gruyter & Co. · Berlin · New York ately, but included in the group of "cord complications". No classification of the CTG was performed äs the goal of this investigation was to study the influence of cord complications per se on the state of the fetus and newborn. Furthermore, several investigations have already shown a correlation between cord complications and variable decelerations of the fetal heart rate [6, 7, 8, 9, 11, 12] . 
Results
Of the 142 deliveries, 45 (32 per cent) showed one or more cord complication(s) (Tab. I). Most of the complications were "cord around the neck" (28 = 20% of the total material), only five (4%) having more than one complication, and only four (3%) having what was described äs "tight loop(s)". There were two cases of short umbilical cord (35 and 37 cm), one without other cord complications, the other in connexion with a loose cord around the neck. One case with a loose umbilical knot was connected with loose cord loops around the neck. There were no cases of prolapsed umbilical cord. The 45 fetuses with cord complication(s) were delivered without Intervention (58%), by low forceps/vacuum extraction (22% because of suspected fetal distress -11% for other reasons), or by Caesarean section (7% because of suspected fetal distress -4% for other reasons). The 97 fetuses without cord complication showed the following rates of Intervention: Low forceps/ vacuum extraction: 10% because of suspected fetal distress, 10% for other reasons; Caesarean section: 4% because of suspected fetal distress, 5% for other reasons. Fig. l illustrates the tpH during labor in cases with and without cord complications. There was no statistical difference between tpH in the two groups at any of the time periods. There were four cases in which a tight loop was noted at delivery. Two of those cases had a normal tpH until 60 minutes before deüvery but during the last hour of labor tpH decreased to between 7.15 and 7,20; only one of the neonates had also low pH values in the umbilical vessels. The other two cases of tight cord loop(s) did not have a good quality tissue pH recording. The neonatal APGAR scores one and five minutes after delivery appears from Tab. II. There were no statistical differences between APGAR scores of 0-7 versus 8-10 in the two groups one and five minutes after delivery. The four neonates born with tight loop(s) all had APGAR scores of 8-10 one and five minutes after delivery. The acid base and oxygenation state of the blood of the umbilical vessels appears from Tab. III. There was a slightiy higher A-V difference of the pCO 2 in the group with cord complications (both tight and loose cord complications) compared to the group without cord complications (p = 0.04).
All the other tested values were equal in the two groups.
The same values in the umbilical vessels of the three neonates born with tight loop(s) appears from Tab. IV, In the umbilical artery both respiratory and metabolic components of the pH are lower than in the groups seen in Tab. III but the pO 2 is slightiy higher whereas the oxygen saturation is lower. In the umbilical vein only the. metabolic part of the pH is lower, the pQj is ab out the same, and the oxygenation Saturation is lower than in the groups of Tab. III. The A-V difference is higher for all acid base Values but lower for the pO 2 and oxygen Saturation when compared to the groups of Tab. III. The cases with short umbilical cord and the case with a loose knot did not differ from the group without cord complications in respect to APGAR scores, tpH, and the acid base state and oxygenation of the umbilical vessels. One of the neonates died because of cardiac incompensation after a normal delivery without cord complications. The other children were discharged from the hospital without evidence of neurological damage.
Tab. II. AKJ AR scorc onc (APCAR Γ) and umbilical cord. 
Discussion
Cord complications may cause compression of the umbilical cord with compression of the umbilical vein and at higher pressures also the umbilical arteries. Consequenüy, a slight compression only influences the blood flow from the placenta to the fetus with subsequent lowering of the oxygen supply to the fetus through the umbilical vein. As the fetus tries to compensate the diminished blood flow by extracting more oxygen from the blood this Situation may be detected by a lower pO 2 and oxygen Saturation of the umbilical artery and an increased A-V difference of the same values. If the blood flow of the umbilical artery is also reduced the fetus is unable to exchange its CC^ adequately. This causes a higher pCO 2 (and a slightly lower pH) of the umbilical artery and a higher A-V difference of the same values. If the oxygen supply to fetal tissues is compromised a metabolic
The APGAR scores of the infants (Tab. II) were not influenced by cord complications even if the cord was tight (four cases). The slightly increased A-V difference of pCC( Tab. III) most likely can be explained äs an occasional finding (äs 18 tests were performed one would expect one of them to be positive, if a five per cent significance level is used) especially äs neither the oxygenation state nor the pCO 2 of the umbilical artery was influenced by cord complications. In the three cases of tight cord loop(s) in which blood samples from the umbilical vessels could be obtained the increased A-V difference of pH, pCO 2 , and base excess is in accordance with the pathophysiology of cord compression except for the fact that pO 2 and oxygen saturation is not influenced, possibly because of a terminal improvement of the oxygen supply to fetus at the time of delivery. acidosis develops. This results in a lower pH, base The pO 2 level at delivery is in accordance with excess, and Standard bicarbonate in the umbilical artery and/or an increased A-V difference of the same values. The lower tpH during the last SOminutes of labor of the two fetuses with tight cord loop(s) was influenced by cord compression, whereas the other cases of cord complications did e not show anydif that found by others, e.g. LIN et al. [10] who found an umbilical artery pO 2 of 17.9 ±5.8 mm Hg (= 2.4 ± 0.8 kPa) and an umbüical vein pO 2 of 29.0 ±6,5 mm Hg (=3.9 ±0.9 kPa) in normal growth infants without fetal heart rate decelerations.
The higher rate of obstetrical Intervention for ference in comparison with the cases without cord suspected fetal distress in case of cord complicacomplications.
tion (vacuum extraction/low forceps: 22 versus 10%; Caesarean section: 7 versus 4%) can be explained by the pathological CTG (variable decelerations) often associated with cord complications [6, 7, 11, 12] . BRUCE et al. [2] defined cord complications äs visually identified loop or loops around the neck or body or äs a prolapsed cord. It was concluded that cord complications played a major role in perinatal mortality and morbidity but the occurence of cord complications never exceeded 20 per cent of the total number of risk factors. Although the present material did not include prolapsed cords this Situation is only present in about 0.4% of all deliveries [4] compared to other cord complications being present in about 30% of all deliveries.
Variable decelerations of the fetal heart rate (FHR) are associated with cord complications [6, 7, 8, 9, 11, 12] . Among fetuses with cord complications the incidence of variable decelerations varies from 100% [6, 11] through 89% [12] to 82% [7] , but fetuses with variable decelerations of the FHRdoes not neccessarily have cord problems. Thus, the incidence of cord problems in case of variable decelerations varies fom 82% [6] through 52% [12] and 45% [11] to only 27% [7] . Consequently, an association between variable decelerations and neonatal depression äs found by CIBILS [3] and O'GuREC et al. [11] does not prove that the association is caused by umbilical cord compression, and no major materials have yet been used forinvestigating the effect of cord complication(s) per se on the neonatal conditions if the fetus has been monitored by CTG. Our incidence of cord complication(s) is close to that found by others (e,g. GOLDKRAND and SPEI-CHINGER [7] : 28%; O'GuREC et al. [11] : 34%). Although our material is relatively small, our findings do not support the theory that cord complications (other than prolapsed cords) are a major cause of fetal asphyxia. On the contrary, cord complications are common but rarely lead to cord compression which may lead to fetal asphyxia. If labour is monitored with cardiotocography, perinatal outcome in fetuses with cord complication(s) should be very close to that of fetuses without cord complication.
Summary
Continuous monitoring of fetal scalp tissue pH (tpH), acid base and oxygenation measurements of the blood of the umbilical artery and vein, and APGAR scoring was performed in 152 deliveries. The effect of cord complication on tpH (120, 90, 60, 30, 15, 10,5, and 0 minutes before delivery), the Status of the umbilical artery and vein (pH, pCOj, base excess, Standard bicarbonate, pOj, and oxygen Saturation), and the APGAR scores (one and flve minutes after delivery) were investigated. Thirty-two per cent of the deliveries were associated with one or more cord complication(s). Cord complications in general did not influence the APGAR scores, the acid base state, or the oxygenation of the fetus and newborn. In the very few cases of tight cord complication(s) tpH showed a marked decrease durin g the last 30 minutes of labour, the umbilical blood was slightly acidotic, but the APGAR scores were normal (8-10 one and five minutes after delivery). 
